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Abstract 



We explore the possibility of an energy independent suppression of the solar 
neutrino flux in the context of the recent SuperKamiokande data. From a global 
analysis of the rate and spectrum data, this scenario is allowed at only 14% prob- 
ability with the observed CI rate. If we allow for a 20% upward renormalisation 
of the CI rate along with a downward renormalisation of the B neutrino flux then 
the flt improves considerably to a probability of ~ 50%. We compare the quality 
of these flts with those of the MSW solutions. These renormalisations are also 
found to improve the quality of the flts with MSW solutions and enlarge the al- 
lowed region of their validity in the parameter space substantially. Over much of 
this enlarged region the matter effects on the suppression of the solar neutrino 
flux are found to be very weak, so that the solutions become practically energy 
independent. 



The results from the SuperKamiokande (SK) continue to conflrm the suppres- 
sion of the solar neutrino flux as compared to the standard solar model prediction 
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[1]. The result from the GNO experiment [2] is consistent with the earher Ga ex- 
periment results from Gallex and SAGE [3] . The most popular explanation to this 
suppression is neutrino oscillation either in vacuum or in matter. Table 1 shows 
the suppression rate or survival probability of the solar neutrino (Pu^ue) from the 
combined Ga [2,3], CI [4] and SK[1] experiments along with their energy thresh- 
olds. The corresponding compositions of the solar neutrino flux arc also indicated. 
The SK suppression rate shown in brackets is appropriate for the oscillation of 
Ue into another active neutrino {i'h,t)- It is obtained by subtracting the neutral 
current contribution of u^^r from the SK rate. 



Experiment 


Gallium 


Clorine 


Super Kamiokanda 


Suppr. Rate 


0.576 ± 0.04 


0.327 ± 0.029 


0.465 ± 0.015 
(0.36 ± .015) 


Eth (MeV) 


0.2 


0.8 


6.5 


Composition 


pp (55%), Be (25%), B (10%) 


B (75%), Be (15%) 


B (100%) 



Table 1. The suppression rates of solar neutrino Pv^v^ shown for Ga, CI and SK 

experiments [1-6] along with their threshold energies and compositions. The effec- 
tive suppression rate of the SK experiment, appropriate for z/g v^^r oscillation, 
is shown in bracket. All the suppression rates are shown relative to the standard 
solar model prediction of BPOO [7]. 



The observed energy dependence in the suppression rates in Ga, CI and SK 
experiments can be explained by the vacuum oscillation (VO), small and large 
mixing angle MSW (SMA and LMA) as well as the LOW solutions [5]. The ap- 
parent energy dependence comes from assuming the sun-earth distance to coincide 
with the oscillation node of a MeV range neutrino in the VO solution, while it 
comes from matter effects in the sun for the MSW solutions and in the earth for 
the LOW solution. The VO and SMA solutions show strong and nonmonotonic 
energy dependence. But the LMA and LOW solutions show monotonic decrease 
from Ga to SK energies in contrast to the apparent rise between the CI and SK 
rates. 

The recent SK data on the energy spectra at day and night show no evidence 
of any energy dependence nor any day-night asymmetry in the suppression rate 
[1] . This rules out a large part of the parameter space. In particular it practically 
rules out the VO solution and disfavours the SMA along with a part of the LMA 
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solution [1,6]. The remaining part of the LMA solution and the low solution show 
relatively weak energy dependence and cover two small patches in the parameter 
space. Thus it is possible to explain the above mentioned rates and the energy 
spectra only for very limited ranges of neutrino mass Am^ and mixing angle 9. 

We present here fits to the above data, first with an energy independent solu- 
tion and then with two-flavour oscillation including matter effects. Wc shall see 
that with reasonable allowance for the renormalisations of the CI rate and the 
B neutrino flux the data are described well by the energy independent solution. 
These renormalisations shall also be seen to improve the quality of flts with the 
oscillation solutions and enlarge the region of their validity in the parameter space 
substantially. Moreover we shall see that most of this enlarged region of parameter 
space shows weak matter effect on Pp^v^i implying practically energy independent 
suppression of the solar neutrino flux. Thus the energy independent solution can 
be looked upon as an effective parameterisation of the oscillation solutions over 
this region. 

The definition of used in our fits is, 

= E [n^ - Fr) ('^.?) {Fj'^ - Fr) (i) 

Where i,j runs over the number of experimental data points. Here = j^p" jT^^^^ 
where a is the theoretical prediction or the experimental value of the event rate, 
normahsed by the standard solar model prediction of BPOO [7] . F/^^^ is taken from 
Table 1 for total rates and from [8] for day/night spectrum. The error matrix 
CTjj contains the experimental errors, the theoretical errors and their correlations. 
For evaluating the error matrix we use the procedure described in [9]. The details 
of the solar neutrino code used is described in [10,11]. As in [12] we vary the 
normalisation of the spectrum as a free parameter which avoids the overcounting 
of the rates and spectrum data for SK. Hence for the day/night spectrum analysis 
we have (36 - 1) degrees of freedom (d.o.f) while for the total rates we have 3, 
which makes a total of 38 d.o.f for the rates+spectrum analysis. In addition to the 
best-fit parameter values and x^min shall present the goodness of fit (g.o.f.) of a 
solution where by g.o.f. we mean the probability that the will exceed the Xmin 
for a correct model. Finally for the general oscillation solution with matter effects, 
we shall also delineate the 90%, 95% and 99% allowed regions in the two parameter 
Am^ — tan^ 9 plane. These regions are defined as ^ Xmin + where Ax^ 
is 4.61,5.99,9.21 respectively for two parameters and the Xmin corresponds to the 
global x^ minimum [13]. 

Energy Independent Solution: 

We shall explore first the possibility of explaining these data in terms of a simple 
energy independent solution by assuming modest changes in the CI rate and the 
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B neutrino flux. Energy independent solutions to the solar neutrino anomaly have 
been considered by several authors in the past [14]. Traditionally it is associated 
with the vacuum oscillation solution at a distance much larger than the oscillation 
wave-length, so that the average survival probability 

P.^.^ = l-\sm'2e. (2) 

We shall see below however that this survival probability remains approximately 
valid over a wide range of parameters even after including the matter effects in 
the sun and the earth, since the matter effects over this range are too small to 
be measurable at the present level of experimental accuracy. In particular the 
so called bimaximal mixing solution, corresponding to nearly maximal mixing of 
solar neutrino (fg), implies such an energy independent solution over a very wide 
range of Am^ [15]. Moreover an energy independent solution to the solar neutrino 
anomaly seems to offer the possibility of explaining the atmospheric and the LSND 
neutrino anomalies as well without assuming any sterile neutrino [16]. 

We present the results of our fit to the combined data on rates and the SK 
day/night spectrum with the energy independent solution (2) in Table 2 for both 
i>e oscillations into active and sterile neutrinos. In order to reconcile the energy 
independence of the spectrum with the apparent energy dependence in the rates 
of Table 1, we have cosidered the following changes in the CI rate and B neutrino 
flux. 

(A) Clorinc Rate: Since the CI experiment [4] has not been calibrated, there 
are several fits in the literature disregarding this rate [6,17,18]. In any case 
the apparent rise between the CI and SK rates is in direct conflict with the 
predicted fall for the LMA and LOW solutions, which are favoured by the 
spectrum data. Therefore we have considered an upward renormalisation of 
the CI data by 20%, which is a 2a effect. 

(B) Boron Neutrino Flux: The B neutrino flux is very sensitive to the solar 
core temperature and hence to the underlying solar model. Even within the 
standard solar model estimate of BPOO it has a large error bar, i.e. 

fB = 5. 15 X lOVcmV sec (^1.0 ^'^g ) . (3) 

Therefore we have considered a variation of this flux within a corridor of 
about ±2(7 of the above central value. 

Table 2 shows that taking the experimental rates at their face value results in 
a poor flt to the energy independent solution, corresponding to a probability of 
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Nature of 
Solution 


Xb 


/tan^^\ 
sin^ 26 or 

V cot2 9 / 


/vmiii 


Goodness 
of fit 


Chlorine 
Observed 


Active 


1.0 


0.95(0.63) 


46.15 


14.39% 


0.77 


0.96(0.68) 


45.86 


12.25% 


Sterile 


1.0 


0.89(0.52) 


53.66 


3.75% 


0.83 


0.92(0.57) 


54.63 


2.55% 


Chlorine 
Renormalised 


Active 


1.0 


0.89(0.52) 


37.65 


43.13% 


0.73 


0.88(0.50) 


36.05 


46.63% 


Sterile 


1.0 


0.85(0.44) 


40.89 


30.35% 


0.79 


0.85(0.44) 


40.09 


26.4% 



Table 2: The best-fit value of the parameter, the xLin the g.o.f from a com- 
bined analysis of rate and spectrum with the energy independent solution 
(2). 



14.39 (3.75)% for the active (sterile) case. But assuming a 20% renormalisation 
of the CI rate and fioating the normalisation of B fiux improves the probability 
to 46.6 (26.4)%. Let us comment on two related features of this fit, which may 
appear counter intuitive. The theoretical survival rate from (2) is > 0.5 while the 
experimental rates from CI and SK with the BPOO B neutrino flux are signiflcantly 
lower than 0.5 (Table 1). Thus one would naively expect the fit with the BPOO 
neutrino fiux, denoted by Xb = 1, to result in sin^ 2^ = 1 and a much larger Xmin 
than the free fit. We have checked these to be true if we drop the theoretical 
error in (1), reducing it to the standard expression for x^- However including 
the large uncertainty in the B neutrino fiux of (3) via the theoretical error matrix 
implies that the best fit with the BPOO fiux {Xb = 1 solution) corresponds actually 
to an Xb significantly lower than 1. Hence the corresponding Xmin ^^"^ sin^2^ 
values are close to those of the free fit. The xLin found to be quite fiat in 
sin^ 29 (and even more so in tan^ 9) in the region around the best-fit values. It 
may be noted here that using la lower limits of the appropriate nuclear reaction 
rates Brun, Truck-Chieze and Morel [19] have obtained a relatively low value of B 
neutrino fiux, 

/s = 3.21 X lOVcmV sec, (4) 

and found it to give better agreement to the helioseismic data than (3). This 
corresponds to a low value of Xb ^ 0.63, which is about 2a below the central 
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value of (3). More recently a Xb — 0.75 has been obtained from the helioseismic 
model using standard values of the nuclear reaction rates [20]. 

Oscillation Solution with Matter Effects: 

We shall first analyse the two-flavour oscillation solution, including the matter 
effects in the sun and the earth, to determine the region of the Am^ — tan^ 9 plane 
in which it effectively reduces to the energy independent solution (2). Since the 
normalisation uncertainty of Ga and CI experiments are > 10% each, one can- 
not experimentally distinguish the solutions showing energy dependence of < 10% 
over the energy range of Ga to SK experimeriments from the energy independent 
solution (2). We have therefore assumed that a matter effect of < 10% on Pu^ue 
over the range of Ga to SK neutrino energies is a good working definition for 
an effectively energy independent solution (2). Fig. 1 shows the region in the 
Am^ — tan^ 9 plane, where the oscillation solution including matter effects effec- 
tively reduces to the energy independent solution (2). We have restricted the plot 
to Am^ < 10"^ eV^ in view of the severe constraint from the CHOOZ experiment 
above this range [21]. One sees from Fig. 1 two distinct regions of validity of the 
energy independent solution (2). Firstly the solar matter effect is negligible in the 
shaded region above the MSW range [17] 

10"^^ eV < Am^/4E < 10"^^ eV, (5) 

with AE ~ 1 — 50 MeV, along with the triangular region below. Moreover a 
narrow strip around tan^ 9 = 1 represents the region of near maximal-mixing, 
where the MSW solution for Pu^ue reduces to the vacuum solution (2). However 
the regeneration effect in earth makes a significant contribution to the maximal- 
mixing region over Am^ ~ 10~^ — 10~^ eV^, which accounts for the gap in this strip. 
It is this near maximal-mixing strip that is relevant for the energy independent 
solution of Table 2 and the oscillation solutions presented below. 

We shall now present the fits of the oscillation solutions including matter effects 
to the combined data on rates and the SK day/night spectrum. As in the previous 
case we have done these fits with the rates shown in Table 1 as well as those with 
renormalised CI rate and B neutrino flux. 
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Type of 
Neutrino 


Nature of 
Solution 


in eV^ 


tan^O 


• 


g.o.f 


CI 
Obsvd. 


Active 


SUA 


5.18 X 10"*' 


5.79 X IQ-^ 


13.22 


19.01% 


LMA 


4.18 X 10"'^ 


0.36 


37.33 


40.78% 


LOW 


1.51 X 10-'' 


0.64 


39.54 


31.48% 


Sterile 


SMA 


3.74 X 10-*^ 


5.2 X 10-4 


44.85 


14.79% 


LMA 


1.03 X 10-^ 


0.58 


52.18 


3.96% 


LOW 


3.47 X 10-« 


0.82 


50.57 


5.43% 


CI 

Renorm. 


Active 


SMA 


4.97 X lO"'* 


3.15 X 10-4 


42.43 


21.37% 


LMA 


6.68 X 10-*^ 


0.39 


30.32 


73.53% 


LOW 


1.63 X 10"' 


0.76 


32.43 


63.9% 


Sterile 


SMA 


3.44 X lO-*^ 


3.59 X 10-4 


41.98 


22.76% 


LMA 


1.04 X 10-4 


0.53 


37.9 


38.27% 


LOW 


4.08 X 10-« 


0.84 


36.8 


42.98% 



Table 3: The best-fit values of the parameters, the x^^^ and the g.o.f from a 
combined analysis of rate and spectrum in terms of oscillation into an 
active/sterile neutrino, including the matter effects. 



Table 3 summarises the results of fitting the oscillation solutions to the com- 
bined data with the observed and renormalised CI rates assuming the B neutrino 
flux of BPOO [Xb = 1). We see from the upper part of this table that one can get 
acceptable fits to the data taken at its face value in terms of i/^ oscillation into ac- 
tive fiavour in the LMA and LOW regions, while the SMA region gives a marginal 
fit at 19% probability. The corresponding oscillation solutions into sterile neutrino 
give poor fits. Renormalising the CI rate upwards by 20% improves the quality of 
oscillation solutions into active flavour remarkably in the LMA and LOW regions 
but not in the SMA region. The quahty of the sterile solutions also improves to 
acceptable levels of probability; but they remain inferior to the oscillation solutions 
into active neutrino. 

A clear pedagogical discussion of the LMA and LOW solutions can be found 
in [17]. We shall only point out here some essential features, focussing on the 
oscillation into active neutrino. The Am^ of the LMA solutions of Table 3 lie at 
the upper edge (adiabatic edge) of the MSW range (5). They lie outside this range 
for Ga energy, so that the corresponding survival rate is approximated by (2), or 
equivalently 

1 



cos 2^ 



1 - tan2 e 
1 + tan2 e ' 



(6) 



(7) 
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On the other hand they he inside the MSW range at SK energy. Here the solar z/g 
gets adiabatically converted into the heavier one of the two neutrino mass states, 



V2 — Sm.9 • COS 9 ■ Vfj^^r- (8) 

The resulting survival probability on earth is 

P.,.,«sin2^ = ^(l-e). (9) 

With the LMA mixing angles of Table 3, corresponding to e ~ 0.4, eqs. (6) and 
(9) can be seen to roughly reproduce the Ga and SK rates of Table 1. In the LOW 
solutions the energy dependence arises from the regeneration in earth during the 
night. This is known to be small for the SK energy from the absence of day /night 
asymmetry, so that the corresponding rate (9) is valid for the LOW solution as well. 
However the regeneration contribution can be significant for the LOW solution at 
Ga energy, which has moved into the MSW range (5). The corresponding rate 
after averaging over day and night is [17] 

Ku.-\{l-e + freg). (10) 

For a constant density earth 

/.e.= ^^^^2^^. (11) 

2{l-2er]E + vl) ^ ' 

Thus the earth regeneration contribution is always positive and can be significant 
for 77^; ~ 1, where 

"^""■^HirajiVj- '''' 

Here p is the matter density in earth and the average number of electrons per 
nucleon. The maximal contribution comes from Am^ ~ 3i? x 10^^^ eV ~ 10^'' eV^ 
for Ga energy. The mixing angle of the LOW solutions, e ~ 0.2, corresponds to 
a maximal f^eg ~ 0.3, which can account for the Ga rate of Table 1. While this 
description of the matter effects in the sun and the earth is admittedly simplistic 
we have treated them rigorously in our calculation at all energies. 

Fig. 2 shows the 90%, 95% and 99% C.L. allowed regions in the Am^ — tan^ 6 
plane for the oscillation solutions into active neutrino. We find that SMA solution 
is disallowed at 95% (99%) C.L. with the observed (renormahsed) CI rate. The 
allowed regions of the LMA and LOW solutions increase mildly with the upward 
renormalisation of the CI rate. Comparison of Figs. 1 and 2 shows that modest 
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parts of the allowed regions for both the LMA and LOW solutions correspond to 
the effectively energy independent solution (2). 

Table 4 summarises the effects of changing the B neutrino flux (Xb) on the 
oscillations solutions into active neutrino. It lists the best solutions for Xb = 0.75, 
favoured by helioseismic model [20], as well as for free Xb- In each case the 
solutions arc shown for both observed and rcnormalizcd CI rates. It may be noted 
that the Xb = 0.75 lies within ~ 1.5a of the BPOO flux (3). In combination with 
the 20% renormahsation of the CI rate it would imply that all the suppression 
rates of Table 1 agree with one another within 1.5a. Therefore this combination 
is expected to favour an effectively energy independent solution. 







Nature of 
Solution 


in eV^ 


tan^e 


Xmin 


g.o.f 


CI 
Obsvd. 


Xb = 0.75 


SMA 


5.43 X 10-6 


5.09 X 10-4 


39.50 


31.64% 


LMA 


4.39 X 10-^ 


0.54 


43.18 


19.13% 


LOW 


1.41 X 10"'^ 


0.69 


41.88 


23.08% 


0.57 
Xb 1.34 
0.93 


SMA 


5.35 X 10-« 


4.35 X 10-* 


37.98 


37.92% 


LMA 


1.21 X 10-> 


0.25 


31.22 


55.31%. 


LOW 


1.51 X 10"'' 


0.63 


39.59 


31.28% 


CI 
Renorm. 


Xb = 0.75 


SMA 


4.95 X 10-6 


3.11 X 10-4 


38.15 


37.19% 


LMA 


6.92 X 10-^ 


0.57 


34.06 


56.11% 


LOW 


1.59 X 10-'' 


0.82 


32.76 


62.35% 


0.53 
Xb 1.14 
0.88 


SMA 


4.90 X 10-6 


2.92 X 10-* 


35.57 


48.89% 


LMA 


6.57 X 10-^ 


0.35 


29.94 


75.14% 


LOW 


1.64 X 10-' 


0.76 


31.95 


66.17% 



Table 4: Best fits to the combined rates and spectrum data in terms of v^. oscil- 
lation into active neutrino with Xb — 0.75 and free Xb- 



As we see from the top part of Table 4, with observed CI rate and Xb = 0.75 
the SMA gives a better fit than the LMA and LOW solutions. This is because 
reducing Xb to 0.75 accentuates the rise between the CI and the SK rates of Table 
1 as it enhances the latter by a larger amount. Hence it favours the nonmonotonic 
energy dependence of SMA over the monotonically decreasing energy dependence 
of LMA and LOW solutions. However this anomaly disappears with the upward 
renormahsation of the CI rate, so that the LMA and LOW solutions become much 
better than the SMA. Note also that reducing Xb to 0.75 results in reducing the 
energy dependence between the Ga and SK rates, resulting in larger mixing angle 
for the LMA solutions than in Table 3. 

The free Xb fits yield Xb = 0.5 - 0.6 for the SMA and Xb > 1 for the LMA 
solutions. This is because Xb — 0.5 — 0.6 enhances the SK rate more than CI as 
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favoured by SMA, while Xb > 1 suppresses the SK rate more than CI as favoured 
by the LMA solutions. Note however that Xb > 1 magnifies the decrease between 
the Ga and SK rates, resulting in a smaller mixing angle for the LMA solutions 
than in Table 3. But the shift is small for the renormalised CI rate. The LOW 
solution gives the worst fit for the observed CI rate, since its weak energy dependene 
favours Xb < 1 which accentuates the rise between the CI and SK rates. But with 
renormalised CI the LMA and LOW solutions become much better than the SMA. 

Fig. 3 shows the 90%, 95% and 99% C.L. allowed regions in the Am^ - tan^ 9 
plane for the free Xb fits. With the observed CI rate the LMA region covers 
relatively small mixing angles while the LOW region is marginal. Consequently 
there is little overlap with the energy independent region of Fig. 1. However for 
the renormalised CI rate the LMA region expands to larger mixing angles and 
masses. The LOW region also covers a large range of mass. Consequently there is 
a significant overlap with the energy independent region of Fig. 1. 

Finally Fig. 4 shows the corresponding allowed regions for Xb = 0.75 fits with 
observed and renormalised CI rates. In the former case there is a large allowed 
region at 90% C.L. for the SMA solution. However in the latter case the 90% 
C.L. region disappears from the SMA solution, while covering a very large range 
of masses and mixing angles for the LMA and LOW solutions. Comparing this 
contour with Fig. 1 shows that the bulk of the expanded 90% C.L. region in 
this case corresponds effectively to the energy independent suppresion rate (2), as 
anticipated earlier. Note in particular the expansion of the 90% CL allowed region 
of the LMA solution well into the so called dark region, corresponding to tan^ 9 > 1 
(e < 0). In this region the MSW prediction of energy dependence via eqs. (6,9) 
changes its direction, which goes against the direction of the data. Nonetheless 
the energy dependence becomes so mild with Xb = 0.75 that the 90% CL region 
extends upto tan^ ^ > 2, which is beyond the range shown in Fig. 1. In other 
words the region of effectively energy independent solution shown in Fig. 1 is a 
conservative one. The expansion of the 90% CL region of the LOW solution also 
shows remarkable overlap with the lower energy independent strip of Fig. 1. It 
may be added here that both these strips go down to Am^ ~ 10~^ eV^, below 
which one gets significant energy dependence from vacuum oscillation. 

Let us conclude by briefly discussing whether some of the forthcoming neutrino 
experiments will be able to discreminate between the energy independent and the 
MSW solutions. In particular the SNO experiment [22] is expected to provide both 
the charged current and neutral current scattering rates over roughly the same 
energy range as SK. Thus the B neutrino flux can be factored out from their ratio, 
CC/NC. For oscillation into active neutrino corresponding double ratio Rcc/Rnc 
is predicted to be larger than 0.5 for the energy independent solution (eq.2) and 
smaller than 0.5 for the LMA and LOW solutions (eq.9). We have calculated the 
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best fit values of this ratio for the energy independent solution of Table 2 and the 
LMA and LOW solutions of Table 3 with renormalised CI rate. The predicted 
ratios are shown in Table 5. With a sample of 5000 CC and 2000 NC events the 
total la error for this ratio at SNO is expected to be about 4%[17]. This will 
be able to distinguish the energy idependent solution clearly from the LMA and 
to a lesser extent from the LOW solution. On the other hand the LOW solution 
predicts a large Day- Night asymmetry of > 10% for the Be neutrino [17, 18] at the 
Borexino[23] and the KamLAND[24] experiments. This will be able to distingusish 
the LOW from the LMA and the energy independent solutions. Lastly it should be 
noted that the reactor neutrino data at KamLAND is expected to show oscillatory 
behavior for the LMA solution[25], which will help to distinguish it from the LOW 
or a generic energy independent solution. 



Nature of Solution 




tan^O 




LMA 


6.68 X 10-^ 


0.39 


0.32 


LOW 


1.63 X 10'^ 


0.76 


0.45 


energy independent 




0.52 


0.55 



Table 5. The Rcc/Rnc at SNO at the best-fit values for the LMA, LOW and energy 
independent solution for the renormalised Chlorine and Xb fixed cases of Table 2 
and Table 3. 

Summary: 

In summary the recent SK data on day/night spectrum is in potential confiict 
with the apparent energy dependence in the suppression rates observed in Ga, CI 
and SK experiments. Inchiding matter effects one can get acceptable oscillation 
solutions to both rates and spectrum data only over limited regions of mass and 
mixing parameters. However an upward renormalisation of the CI rate by 20% 
(2o") results in substantial improvement of the quality of fit. Moreover a down- 
ward renormalisation of the B neutrino fiux by 25% (1.5o") as suggested by the 
helioseismic model enlarges the allowed region of the parameter space substan- 
tially. Over most of this enlarged region the energy dependence resulting from the 
matter effects is too weak to be discernible at the present level of experimental 
accuracy. Hence with these renormalisations of the CI rate and the B neutrino 
flux the data can be described very well by an energy independent solution. 

Note added: After this work was completed the 1258 days SK data has appeared 
on the net [26]. We have checked that the results of our analysis do not show any 
significant changes with the new data. 

We thank Profs. H.M. Antia, G. Bhattacharya, S.M. Chitre, K. Kar and A. 
Raychaudhuri for discussions. 
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Fig 1 The quasi energy independent allowed region in Am^ — tan^ 9 
parameter space where the solar neutrino survival probability agrees 
with eq. (2) to within 10% over the Ga and SK energies. 
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Fig. 2: The 90, 95 and 99% C.L. allowed area from the global analysis 
of the total rates from CI (observed and 20% renormalised) , Ga and 
SK detectors and the 1117 days SK recoil electron spectrum at day 
and night, assuming MSW conversions to active neutrinos. 
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Fig. 3: The 90, 95 and 99% CL. allowed area from the global analysis 
of the total rates from CI (observed and 20% renormalised) , Ga and 
SK detectors and the 1117 days SK recoil electron spectrum at day 
and night, assuming MSW conversions to active neutrinos. The B 
normalisation is floated free parameter. 
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Fig. 4: The 90, 95 and 99% CL. allowed area from the global analysis 
of the total rates from CI (observed and 20% renormalised) , Ga and 
SK detectors and the 1117 days SK recoil electron spectrum at day 
and night, assuming MSW conversions to active neutrinos. The B 
normalisation is held fixed at 0.75 of SSM value. 
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